Objectives. To evaluate the rate of progression of radiological joint space narrowing (JSN ) in patients operated on for hip osteoarthritis (OA) and to determine its predictive factors.
A hip osteoarthritis (OA) is one of the most it is evident that an accurate measure of progression requires a quantitative measurement of each pathocommon causes of pain and disability in adults aged 55 yr and older [1] , the natural history of the condition logical feature. Altman and the San Francisco study group on OA [5] showed that progression of JSN, remains poorly understood. The assessment of the anatomical progression of joint damage is a major despite its lack of diagnostic specificity, can be regarded as the hallmark for the progression of OA. A number issue in view of the development of disease-modifying drugs for OA. For this, it is necessary to have a precise of new techniques have been designed to assess quantitatively knee and hip joint space with acceptable reproknowledge of the natural outcome and the prognostic factors of the disease. Currently, total hip arthroplasty ducibility [10] [11] [12] [13] [14] [15] [16] [17] . We developed a method of hip joint space measurement, using computerized analysis of ( THA) is often necessary in patients who are or become unresponsive to medical treatment. Although digitized stored images, that can be easily used in routine, clinical trials and studies on existent radioaccess to surgical care, socio-economic and individual factors influence the decision for surgery, it is evident graphs, with good reproducibility [16 ] . A number of studies clearly suggest that the rate of that pain and radiographic changes [particularly joint space narrowing (JSN )] are the main factors in the progression of hip OA is very heterogeneous among patients [18] . Indeed, in some patients, the joint space decision on THA.
At the present time, monitoring of patients with hip size does not vary over long periods of time, while the speed of progression can be dramatic in other subjects, OA is chiefly based on the assessment of pain, disability and anatomical changes from plain radiographs.
and at the present time the percentage of patients with hip OA who will require THA is still unknown. The Indeed, it was demonstrated that conventional radiography was the best modality to assess articular cartilpresent study was focused on patients who needed THA for OA in order to determine the factors affecting age thickness for the hips and the knees [2] . The most widely used method for the radiographic evaluation of both the rate of progression of JSN and the decision to perform THA in this particular subset of patients. OA remains the Kellgren and Lawrence ( KL) grading scale [3] . However, the KL score is not sensitive This retrospective study was carried out on patients who all underwent total hip replacement for OA using enough for the assessment of OA progression [4] [5] [6] [7] [8] . Separate grading of the different OA radiographic the radiological rate of JSN as the principal criterion of OA progression. lesions has been used to improve sensitivity and to decrease interobserver variability [8, 9] Emilie de Vialar clinic, Lyon, France), all patients who computerized image-analysis system as previously described [16 ] . After ensuring that the computer was had undergone THA for OA between July 1992 and June 1993 were selected, provided that the radiographs correctly calibrated by repeated measurements of a line segment of known length (coefficient of variation of the involved hip at the time of OA diagnosis and THA had been available. The diagnosis of hip OA was 0.2%) [23] , anteroposterior X-rays of the pelvis were placed on the view box and digitized at a resolution defined as the presence of radiographic JSN with or without osteophytes, cyst formation, subchondral bone of 512/512 pixels with 256 grey levels. The digitized images were then automatically modified by the comsclerosis or attrition, and evidence of OA lesions of the femoral head and acetabulum at operation. Patients puter (subtraction and ×2 magnification) to obtain a very clear outline of the hip joint space. The theoretical with hip OA secondary to alternative arthropathies (i.e. infectious or inflammatory arthritis, hip injury, centre of the femoral head C was automatically determined from three peripheral standardized points. Two aseptic osteonecrosis, congenital abnormality such as congenital dislocation of the hip) and severe acetabular lines were then drawn from C in order to trace an angle encompassing the site of the joint space to be dysplasia were excluded. From these 89 patients, only those with a superior femoral head migration (superoanalysed. The internal line joined C to the summit of the homolateral sacral wing (S), in the case of superolateral, supero-intermediate, supero-medial ), a radiographic follow-up duration (time between the first lateral or supero-intermediate JSN, and of the contralateral sacral wing if JSN was supero-medial. The X-ray and the pre-operative one) longer than 12 months and at least two radiographs of the hip were external line EC was drawn from C to the edge of the acetabulum ( E ) encompassing the site of JSN and selected.
The 61 patients with the required criteria were excluding any osteophyte. The ECS angle ranged from 40 to 55°in all individuals, but it remained constant summoned for a questionnaire and a full clinical examination. Data were obtained about gender, age at in serial X-rays of the same patient in order to measure exactly the same portion of joint space. Within the onset of hip OA symptoms and operation, time from first symptoms to permanent disability, smoking status, demarcated area ECS, the joint space contours were traced with the mouse. The joint space area (JSA) family history of OA, and professional and sporting activities. Patients were considered to be at risk of hip located within the ECS angle and the mean joint space width (MeanJSW ), obtained by dividing JSA by the overwork if their professional or sport occupations involved regular heavy lifting (i.e. heavy manual length of the lower boundary of the studied joint space, were then automatically calculated by the computer worker or farmer) or regular long-term strenuous running or walking.
( Fig. 1 ). Inter-bone distance at the narrowest point of the joint (MinJSW = minimum joint space width) and Physical examination was performed by one of us and consisted of assessment of height, weight, body the radius of the femoral head (RFH ) were given by the computer from points drawn using the mouse. The mass index (BMI; calculated as weight divided by height squared), presence of Heberden's nodes and interobserver coefficient of variation of this technique is 3.3, 6.9 and 4.3% for MeanJSW, MinJSW and JSA, clinical evidence of OA at other sites. Generalized OA was considerd to be present when three or more joints respectively [23] . When the difference in the radiographic magnification was >10% (2√2 × coefficient were affected [19] . Diabetes, hyperuricaemia and hypercholesterolaemia were considered to be present of variation of the measurement method ) [24] , adequate corrections were made by the use of the ratio when biological values were increased by 30% when compared to normal levels and/or when patients were R1/R2 [i.e RFH on the reference film (R1) over RFH of the film to be measured (R2)]. The yearly mean treated for the disease.
narrowing of joint space ( YMN ) was calculated and was expressed in millimetres (for MeanJSW and Radiographic evaluation Radiographic diagnosis of hip OA was made accordMinJSW ) or square millimetres (for JSA) per year and as a percentage of the initial value. Patterns of ing to the ACR criteria from standing anteroposterior radiographs of the pelvis [20] . Sixty-nine OA hips were hip joint dysplasia, head-neck-shaft angle, acetabular depth and centre-edge angle, were also obtained using studied. A morphological evaluation of the hips was made by one trained observer to assess the patterns of the computer. For the analysis, the different films of a single patient were blinded for patient identity and femoral head migration within the acetabulum (i.e. supero-lateral, supero-intermediate, supero-medial ) date. The reader measured the radiographs of the same subject one after another without knowledge of the [21] and to classify hip OA as hypertrophic or atrophic according to the presence or the lack of osteophytes time sequence using the same ECS angle. [21] . The diagnosis of chondrocalcinosis was made on radiographic evidence of calcium pyrophosphate Statistics Statistical analysis was performed using the followdeposition in the hip joint space, the pubic symphysis, the knees and/or the wrists if X-rays were available.
ing procedures. To investigate the correlation between YMN and continuous variables, a linear regression The presence of diffuse idiopathic skeletal hyperostosis (DISH ) was assessed according to Resnick's criteria was used. Subgroups were compared using the x2 test, Student's t-test or analysis of variance. Factors found [22] from lateral chest or spine radiographs.
Hip joint space was measured by one of us using a to be associated in univariate analysis were then studied F. 1.-Hip joint space measurement from digitized radiograph of the pelvis using an image-analysis system.
in multivarate analysis or logistic regression, as appro-DISH and MinJSW at entry. All patient details are given in Tables I and II . priate. P values of <0.05 were considered statistically significant. All statistics were calculated for MeanJSW, MinJSW and JSA, but the results were reported only Rate of progression of joint space narrowing for MeanJSW because all three were highly correlated Table III gives the YMN and the total loss of the and MeanJSW had the best reproducibility. In univariate analysis, five variables were found to be related to the the yearly mean narrowing: follow-(P > 0.05). Mean age at operation was 70.2 ± 8.4 yr (57-88).
up duration (r = −0.64, P < 0.0001) (Fig. 2) , hypertrophic/atrophic bone response (r = 0.34, P = 0.005), The mean duration of radiographic follow-up was 81.2 ± 59.9 months (median 64, range 18-300) and DISH (r = 0.24, P = 0.03), BMI (r = −0.27, P = 0.02) and MeanJSW at operation (r = −0.43, the mean number of X-rays/patient was 3.5 ± 0.9 (2-6). P = 0.0003). In contrast, YMN was unrelated to gender, height, At entry, the hip JSW (mean + ..) was 2.94 ± 0.99 mm (median 3.10, range 1.20-5.9), weight, age at THA, time to permanent disability, angles of hip dysplasia, MeanJSW at entry, total loss 2.10 ± 0.87 mm (0.7-4.10) and 70.8 ± 30.2 mm2 (21-159) for MeanJSW, MinJSW and JSA, resof joint space, family history of OA, diabetes, hypercholesterolaemia, smoking cigarettes, bilateral hip OA, pectively. At operation, it was 1.19 ± 0.94 mm (median 1.04, range 0-3.37), 0.62 ± 0.61 mm and patterns of femoral head migration, and generalized or localized OA. 30.2 ± 26.9 mm2 (0-10.0), respectively (all P < 0.0001). MeanJSW at date of permanent disability
In logistic regression analysis, only three variables remained stastistically related to YMN (r = 0.71, was 2.05 ± 1.18 mm (median 1.55, range 0.04-4.83). No significant difference was found between men and P < 0.001): YMN correlated inversely with follow-up duration and MeanJSW at operation, and increased women except for height, weight, smoking status, All P are non-significant except: *P < 0.0001, †P = 0.0016 and ‡P = 0.002. All P values > 0.05 except: *P = 0.006, †P = 0.043. (r = −0.54) ( Fig. 4) , YMN in millimetres and as a percentage (r = −0.41) and BMI (r = −0.40). It was related to time to disability (r = 0.55), MeanJSW at entry (r = 0.40) and total loss of joint space (r = 0.42) (all P < 0.001). It was significantly longer in patients with hypertrophic bone response (F = 7.80, P = 0.005).
In multivariate analysis (r = 0.69, P < 0.0001), the radiographic follow-up remained related to JSW at entry and correlated inversely with age at onset and YMN. It was longer in patients with hypertrophic OA (P = 0.002).
DISCUSSION
This study is focused on the radiographic progression of JSN, which can be regarded as the most reliable marker of OA progression [5] provided that an accurate method of JSN assessment is used. Despite some F. 2.-Correlation between the yearly mean narrowing of the limitations that will be enumerated below, the compumean joint space width (MeanJSW ) and the duration of follow-up terized analysis of digitized X-rays, which provides in patients with hip osteoarthritis ( log-transformed data) (n = 61). excellent details of bony margins, appears to be an accurate and reliable method for the quantitative significantly in patients with the atrophic form of OA assessment of JSN in OA [25] . However, such a ( Fig. 3) .
method requires sufficient quality of the X-rays and a The atrophic form of OA was significantly different very precise procedure for the radioanatomical posifrom the hypertrophic one according to YMN tioning of the joint, as has been described for the knee (0.74 ± 1.37 vs 0.27 ± 0.20 mm/yr; P < 0.001), follow- [26 ] . The measurement of hip joint space is easier. up duration (45.8 ± 51.3 vs 98.9 ± 60.1 months;
Measurement performed at the narrowest site of hip P < 0.002) and centre-edge angle (28.0 ± 7.43°joint space, using delimitation of the joint space with vs 35.0 ± 8.23°; P < 0.001). These three variables a fine pencil, a magnifying glass with an internal remained significant in the multivariate analysis graduation in tenths of millimetres [27] [28] [29] and a good (r = 0.60; P < 0.0001). No difference was found training of the observer, gives an interobserver coeffibetween hypertrophic and atrophic OA with regard to cient of variation (CV ) from 3.6 to 5.7%. The computer gender, BMI, MeanJSW at entry and surgery, other analysis of digitized images, obtained from convenangles of dysplasia, age at onset and operation, and tional routine films of the pelvis, allows the measureclinical data. ment of hip joint space with an interobserver CV of 3.3% [16 ] . The method of Cummings and Black [24] Predictive factors for the duration of follow-up was used to calculate the minimal change of interval In univariate analysis, the radiographic follow-up that has to be detected to be clinically relevant. The was inversely correlated with the age at diagnosis interval is 9.3% of MeanJSW for automated measurement (95% CI: 7.73-10.9%) [16, 23] , while it ranges from 10.2 to 28% for the manual method [29, 30] .
Variations of the JSW in relation to changes in X-ray (Fig. 5) .
studied the rate of progression of JSN in 56 osteoarthritic hips over a mean period (± ..) of Furthermore, the use of two unchanging points to demarcate the joint space portion to be measured leads follow-up of 5.2 ± 3.6 yr. The mean loss of the Mean JSW was 0.42 ± 0.38 mm/yr. Patients with a followto good repeatability of the measurement. This allows us to consider that our method can be used in retroup of 2 yr had a mean rate of 0.29 ± 0.21 mm/yr. In a prospective study of 42 OA hips, Lequesne et al. [27] spective studies, provided that the radiographs were performed in the standing position, since it has been found that the MinJSW progressed to 0.66 ± 0.70 mm over a 3 yr period. These results are very close to ours shown that JSW was smaller in weight-bearing than in supine position, at least at a late stage of hip OA [31] .
after excluding patients with rapidly destructive coxarthrosis (n = 6) ( YMN = 0.28 ± 0.16 mm/yr). It The present study was focused on patients who had undergone THA, so that our results cannot be is particulary interesting to notice that YMN varied widely between individuals in the whole group, but extrapolated to the general population of hip OA. Furthermore, we excluded patients with medial and not after exclusion of patients with a follow-up shorter than 30 months, since the .. was only 0.16 mm vs inferior JSN because of the difficulties in measuring the joint space. The variation of the mean width, rather 0.43 mm in the total group. This could be usable for calculating the number of patients who are necessary than the minimum thickness, was chosen as the main criterion not only because its measurement is more in therapeutic trials of chondroprotective drugs.
MeanJSW and MinJSW at diagnosis were also very reproducible [16, 23] , but also because of its better different among patients. This methodological bias is debatable in a retrospective study. When studied prospectively [39], NSAID consumption was found to very common in OA trials because OA may be asymptomatic for many years and so diagnosis may be made correlate with the radiological progression of OA. In summary, this study, which was focused on a at a late stage in some patients, whereas pain occurs before any radiographic changes in other subjects [34] . particular subset of patients who all needed THA for hip OA, found similar results to prospective trials For the same reason, MeanJSW and MinJSW at the time of permanent disability and at operation were performed in patients referred to rheumatologists for symptomatic hip OA. This suggests that our results also very variable among individuals. Our results show that patients with a high rate of JSN progression, and may be extrapolated in clinical practice to detect patients at risk of severe OA progression. so with a greater functional disability, were operated on at an earlier anatomical stage than those with a R slower progression. This only suggests that the action
